■ Describe the normal size and appearance of the neonatal and pediatric uterus and ovary.
■ Recognize expected physiologic changes in the female pelvic organs throughout the menstrual cycle and after menopause. 
Introduction
The imaging appearance of the normal reproductive tract changes over the female patient's life span, largely as a result of the influence of hormones on these organs, especially the uterus and the ovaries. In sexually mature adolescents and women of reproductive age, notable changes in the appearance of the endometrium and ovaries occur on a daily basis. Whether the female pelvis is imaged because of a suspicion of underlying gynecologic disease or as a screening examination in the asymptomatic patient, those who interpret the images should be familiar with the range of normal appearances in these organs to avoid misinterpreting expected physiologic changes as pathologic conditions and to spare the patient unnecessary additional imaging and surgical or other invasive procedures.
Pelvic ultrasonography (US) is the imaging modality most often used for the initial assessment of possible gynecologic abnormalities in patients of all ages. US offers the advantages of widespread availability, low cost, and lack of exposure to ionizing radiation. In appropriate candidates, endovaginal US usually offers higher-resolution imaging than transabdominal US and may be the only examination needed for diagnostic evaluation of the uterus, ovaries, and adnexa. For this reason, the article focuses on the normal appearance of the uterus and ovaries on US images. Magnetic resonance (MR) imaging allows the reconstruction of multiplanar images with a large field of view and excellent soft-tissue contrast and is highly effective in demonstrating normal uterine and ovarian structures. MR imaging is thus an excellent method for imaging evaluation when US is not feasible or the findings at US are inconclusive. Although computed tomography (CT) is not generally considered the primary imaging modality for the evaluation of suspected gynecologic disease, it is commonly performed in patients with acute symptoms. The advent of multidetector CT and the use of multiplanar reformatting offer much-improved depiction of normal female pelvic anatomy when compared with older CT imaging techniques. The article describes the expected findings of normal physiologic changes at US, CT, and MR imaging in healthy female patients of neonatal, pediatric, reproductive, and postmenopausal ages.
Neonatal and Pediatric Life Stages
In infancy, childhood, and adolescence, US is considered the primary imaging technique for evaluation of the reproductive organs and is performed transabdominally, when the urinary bladder is as full as possible. In consenting sexually active youth, endovaginal US is performed. When endovaginal imaging is not feasible, transperineal US can be used.
The neonatal uterus is relatively prominent as a result of exposure to maternal hormones and is well depicted with US. Uterine length in a neonate is approximately 3.5 cm (Table 1) , Sources.-References 1-8. *Refers to the ratio of the length of the uterine body to the length of the cervix. The uterus is less tubular and more pear shaped than in younger children, with the uterine body wider than the cervix (Cx). The endometrium (solid white arrow) is faintly visible and will become more prominent after sexual maturity. The mild angulation of the uterine body with respect to the cervix (ie, anteflexion) seen here is uncommon in younger girls but typical beyond puberty. A small amount of free pelvic fluid (black arrow) can be a normal finding in children of all ages. The vaginal canal (dotted white arrow) is nondistended and appears as two opposed hyperechoic lines representing the mucosal surfaces. B = urinary bladder.
and myometrial thickness is about 1.4 cm. The cervix is disproportionately large and bulbous in appearance (1) (2) (3) . The endometrium appears echogenic, and endometrial fluid is often noted (1) (Fig 1) . As hormone levels decrease over the ensuing months, the uterus becomes narrower and shorter, with a mean length of 3.0 cm or less in infants 4-12 months of age, and the cervix becomes equal in proportion to the uterine body, producing a tubular shape (2) . The endometrium becomes much less obvious, appearing as a thin echogenic line centrally within the uterus, and is visible with US in only 50% of girls examined at this age (1) . The opposed walls of the vaginal canal appear as parallel echogenic linear structures, caudad to the cervix and just posterior to the urinary bladder.
In female infants and young girls, reflux of small amounts of urine into the vagina is common, so a minor amount of vaginal fluid is not necessarily indicative of an abnormality (3) . A small amount of free fluid in the cul-de-sac is also considered an unremarkable finding in girls of all ages (3) (Fig 2) . Beyond 1 year of age, the uterine length gradually increases, with a period of rapid growth as girls approach puberty. The mean uterine length is usually less than 3 cm for young girls, 3-4.5 cm for prepubertal girls, and 5-8 cm for pubertal girls (1, 4, 5) . At puberty, the uterine body becomes thicker and more rounded, described as pear shaped, with a uterine body-to-cervix ratio of approximately 1.5:1, an appearance identical to that in women of reproductive age (2,5) (Fig 2) . The postpubertal endometrium is typically easily visible at transabdominal US and varies in thickness with the phase of the menstrual cycle (1,2). The ovaries likewise vary in size and appearance, depending on the chronologic age of the child and hormonal influences (3) (4) (5) 9) . In neonates, the ovaries typically are located above the level of the true pelvis and are therefore easily imaged transabdominally. As the child grows, the ovaries become situated deeper in the pelvis, most commonly adjacent to the uterus (10) .
In premature female neonates, especially those born before 32 weeks of gestation, patency of the processus vaginalis increases the risk for development of an inguinal hernia containing a pelvic peritoneal structure (eg, the bowel, ovary, fallopian tube, uterus). Up to 20% of hernias contain an ovary. Ovary-containing hernias are associated with a greater risk of incarceration than bowelcontaining hernias (11) .
Gonadotropin levels influence the number of individual follicles and the size of the ovary and stimulate the development of ovarian cysts at all ages (2) (3) (4) (5) 9, 12) . The follicle-stimulating hormone level abruptly rises at birth because of the decrease in estrogen and progesterone levels that occurs with separation of the placenta from the neonate, falls to low levels after 3 months of age, and remains low until sexual development begins. Ovarian volume is typically calculated by using the mathematical formula for a prolate ellipsoid, which involves multiplying the product of the three longest diameters (ie, transverse, anteroposterior, and craniocaudal) in centimeters by 0.5233, yielding the volume in cubic centimeters (4) . At birth, the typical volume of an ovary is approximately 1 cm 3 but may be as large as 3.5 cm 3 (9,12) ( Table  2 ). The mean ovarian volume remains 1.5 cm 3 or less in girls younger than 7 years and then steadily increases to about 4 cm 3 before puberty, and more than 4 cm 3 after puberty (1, 3, 4, 11, 12) . The most Figure 3 . Follicle in the normal ovary of a 2-day-old girl. Transverse transabdominal US image shows an 8-mm, simple-appearing, peripheral follicle (arrow) in the parenchyma of the left ovary (OV). In neonates, the ovaries are usually relatively superficial, lying close to the abdominal wall and above the true pelvis. With highresolution US, these small follicles are easily seen and can help to identify the ovaries among adjacent bowel loops.
notable increases in ovarian volume occur at two stages: at the onset of thelarche, or breast development, at approximately 8 years of age; and just before the onset of puberty (4) . Both immature and mature ovaries can have follicles in varying stages of development, and these physiologic cysts can be detected at very small sizes with high-resolution US (3, 4, 9, 10, 12) . Ovarian follicles have been noted at fetal US as early as 28 weeks of gestation (9) . Follicles measuring less than 9 mm in greatest diameter are almost always visible in the superficially located neonatal ovary (9, 12) (Fig 3) . In girls from 1 to 7 years of age, follicles and ovarian cysts are less common; the ovaries may appear homogeneous or have fewer than six visible follicles (3, 5) (Fig 4) . Ovarian volume greater than 4 cm 3 and the presence of six or more follicles in girls younger than 7 years should raise concern for premature sexual development (5) .
The development of larger physiologic ovarian cysts (greater than 1 cm) can occur in the fetal, neonatal, and prepubertal life stages. Because the risk of malignancy is exceedingly low in children, especially neonates, and most cysts resolve spontaneously, intervention is indicated only when the cyst persists, the patient is symptomatic, or the complexity of the structure raises concern. Small fetal ovarian cysts are considered incidental. However, cysts greater than 4 cm may be associated with an increased risk for in utero torsion; some advocate prenatal aspiration of these large cysts to reduce this risk as well as the risk of compression of adjacent organs or respiratory compromise (9) . Approximately 20% of female neonates have ovarian cysts greater than 1 cm, but most ovarian cysts seen in neonates are simple and less than 2.5 cm. Most authors advocate follow-up US for all cysts greater than 2.5 cm and any that contain septa, hemorrhage, or possible solid components. In the neonatal life stage, follow-up and surgical removal of cysts greater than 4 cm to reduce the risk of torsion are controversial. At thelarche and through puberty, follicles and cysts are observed with increasing frequency (4, 5) .
If further evaluation of an abnormality observed at US is needed, MR imaging is the study In a, the uterus is located in its expected position behind the urinary bladder (B) and has a tubular configuration, with a uterine corpus-to-cervix ratio of approximately 1:1. The endometrium ( * in a) is thin and demonstrates high signal intensity. The inner myometrium (white arrowhead) has low signal intensity, and the outer myometrium (black arrowhead) has intermediate to high signal intensity. Although the trilaminar anatomy is well depicted in this case, it can be poorly visualized in prepubertal girls. A few small ovarian follicles are shown (arrows). Fewer than six follicles, appearing as simple fluid-filled cysts less than 9 mm, may be a normal finding in prepubertal girls.
of choice, although infants and young children generally require sedation for the examination. MR imaging is considered preferable to CT because it does not involve the use of ionizing radiation, allows multiplanar image reconstruction, and provides excellent soft-tissue contrast resolution. CT is rarely used to evaluate the reproductive organs in children but may be performed for another indication. On MR images, the premenarchal uterus tends to have low to medium signal intensity with indistinct zonal anatomy (Fig 5) . In pubertal adolescents, the zonal anatomy can be appreciated on T2-weighted MR images. The ovaries appear as ovoid soft-tissue structures most commonly located on either side of the uterus within the meso salpinx of the broad ligament, paralleling the iliac vessels (16) .
On CT scans, the normal uterus has the attenuation of soft tissue and is located just posterior to the urinary bladder. Identification of the uterus and ovaries may be challenging at CT in young, prepubertal girls. As the child ages, the uterus becomes proportionately larger and more easily recognizable. Differential enhancement of the myometrium relative to the endometrium is not usually apparent on CT images until after puberty (16, 17) . The ovaries are also more easily identified on MR and CT images in adolescents than in girls younger than 8 years, an age when the organs are less likely to contain follicles and cysts (16) (Fig 5) . Transverse US image of the left ovary (calipers) shows small follicles (arrows), each less than 2 mm. This ovary was easily seen adjacent to the iliac artery (IA) by using a high-frequency transducer. In many children, the ovaries are deep within the pelvis and have a homogeneous echotexture that makes visualization of the tiny follicles difficult.
Reproductive Years
Transabdominal and endovaginal US are the most commonly used techniques for evaluating the pelvis in female patients of reproductive age. Because of its higher resolution, endovaginal US is the preferred technique. When visualization of the uterus at endovaginal US is compromised by large myomas, a high position and fixation due to adhesions, or postpartum enlargement, low-frequency transabdominal imaging may be necessary to examine the entire uterus. In some patients, the use of a combination of techniques is required. The use of three-dimensional volume-rendered US further enhances imaging of the normal female pelvic anatomy by capturing the entire volume of data and permitting display of any desired plane through the uterus, cervix, ovaries, and adnexa (18, 19) . Because anatomic relationships are more readily comprehended and normal uterine morphology is more easily confirmed at three-dimensional US, the technique is routine in many US laboratories. Assessment of the uterine cavity can be improved with the use of hysterosonography, a technique that involves distending the uterine cavity with the injection of sterile saline or water into the endometrial cavity during an endovaginal US examination (19, 20) (Fig 6) .
Normal uterine size during the reproductive life stage varies with patient age and parity. The mean dimensions of the normal uterus in women of childbearing age are approximately 8 cm long, 4 cm high, and 5 cm wide, with the multiparous uterus being larger than the nulliparous uterus by as much as 1 cm in each dimension (6) . The uterus is typically pear shaped, with the body approximately twice the size of the cervix. The outer contour of the uterine fundus is normally flat or slightly convex superiorly, and the inner myometrial contour facing the endometrial canal is normally flat. The normal shape of the uterine cavity, best displayed in the midcoronal plane at three-dimensional US, is approximately triangu- lar (Fig 6) . The normal uterus assumes a number of positions, which may vary, depending on the degree of distention of the urinary bladder. The positions are described in relation to the angle of the long axis of the uterine body to the long axis of the cervix (flexion) and the long axis of the uterus to the long axis of the vagina (version). The most common position is in anteversion or anteflexion (Fig 2) . When the uterus is positioned in retroversion or retroflexion, it may be difficult to image transabdominally and is imaged ideally with an endovaginal transducer (Fig 7) . After cesarean delivery, the uterus typically is more elongated, and there is variable deformity or thinning at the site of the lower uterine incision (Fig 8) .
During the reproductive life stage, the normal myometrium of the normal uterus has relatively homogeneous echogenicity with smooth outer margins at US. The nongravid uterus is not quiescent but demonstrates myometrial contractions and organized, wavelike endometrial activity with changes in frequency, intensity, and directionality throughout the menstrual cycle. Women with endometrial wave patterns directed from the cervix to the fundus in the periovulatory phase of the menstrual cycle, presumably to promote sperm transport, have been shown to have higher rates of successful fertilization compared with women with uncoordinated or absent wave activity (21) . The cervix is homogeneous in echotexture and similar in echogenicity to the uterine body, with a hypoechoic central canal. Nabothian cysts, which are formed by retention of mucus within the endocervical glands, are commonly present in the cervix of parous women. They typically measure less than 2 cm and contain simple fluid, but occasionally contain debris or hemorrhage. The branches of the uterine arteries can be identified on both sides of the cervix at color Doppler flow imaging (22) .
Endometrial thickness and appearance vary with the phase of the menstrual cycle. During the menstrual phase (typically days 1-4) and the proliferative phase (typically days 5-13) of the cycle, the endometrium is mildly echogenic and undergoes gradual thickening from a mean of 4.6 mm during menses to 12.4 mm on the day of the luteinizing hormone surge, which occurs 12-48 hours before ovulation (23) . During the later portion of the proliferative phase and during the ovulatory phase (days [13] [14] [15] [16] , the endometrium has a striated pattern, with an inner layer that is relatively hypoechoic surrounded by a more hyperechoic peripheral layer (Fig 9) . In the secretory phase of the menstrual cycle (typically days [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] , the striated pattern is replaced by progressively more homogeneous echogenicity (24) , and the endometrial thickness decreases slightly with the luteinizing hormone surge and then increases by about 2 mm (23) (Fig 9) . Of note, the day of the luteinizing hormone surge is highly variable, and ovulation may occur as early as day 8 to as late as day 20 in the menstrual cycle of healthy women. For this reason, many authors describe a periovulatory phase that lasts from 6 days before the luteinizing hormone surge until 7 days after it. The appearance and thickness of the endometrium should be considered abnormal if they do not align with expectations for that phase of the menstrual cycle. The appearance and thickness of the endometrium have been correlated with rates of successful implantation and live births, with decreased endometrial thickness and lack of a striated pattern linked to failure to conceive in both spontaneous and therapeutically induced cycles (25) .
Endometrial thickness is best assessed with endovaginal US and represents the sum of the thicknesses of the two endometrial layers. The measurement is obtained on midline longitudinal images by placing cursors at the anterior and posterior endometrial-myometrial interfaces where the endometrium is widest, usually near the fundus. The central thin hyperechoic line represents the interface between the opposing anterior and posterior endometrial layers and should be continuous. Disruption of the central hyperechoic line, or heterogeneity of the endometrium, may indicate an underlying intracavitary lesion such as a polyp, myoma, or adhesion. retroversion (b) . The endometrium ( ** ) demonstrates signal intensity approaching that of simple fluid and urine in the bladder. The outer myometrium ( * ) demonstrates intermediate signal intensity, whereas the inner myometrium, or junctional zone (solid white arrows), shows relatively low signal intensity. The normal junctional zone is less than 1.2 cm thick, well marginated, and uniform in thickness. The inner myometrium is contiguous with the fibromuscular stroma in the cervix (black arrows), which has low signal intensity. The external os is also shown (open white arrow). Several small foci of high signal intensity in the lower uterine segment (white arrowhead in a) represent small nabothian cysts, a common incidental finding. The posterior vaginal fornix (black arrowhead in a) contains a small amount of highsignal-intensity fluid.
The hypoechoic layer peripheral to the endometrium, which is not always visible at US, represents the compact inner layer of myometrium and should not be included in endometrial thickness measurements (26) (Fig 8) . A small amount of hypoechoic fluid or mucus within the endometrial cavity or cervical canal is a normal finding, but sizable fluid collections or retained echogenic blood clots may indicate obstructed menstrual flow, as seen with adhesions, cervical stenosis, or excessive bleeding. When fluid is noted in the endometrial cavity, it is excluded from the measurement of the endometrial thickness. In women taking oral contraceptives or using other hormonal contraceptives, such as progesterone-releasing intrauterine devices, the endometrium is generally thin throughout the menstrual cycle.
MR imaging is an excellent tool for evaluation of the uterus. The trilaminar zonal anatomy of the uterine corpus and cervix is well depicted on T2-weighted images (Fig 10) . On MR images, the innermost zone of the uterine body represents the endometrium, which demonstrates high T2-weighted signal intensity as a result of mucin-rich endometrial glands. As at US, sagittal views are best for depicting endometrial thickness, which varies with the phase of the menstrual cycle (27) .
The myometrium has inner and outer layers. The inner myometrial layer, or junctional zone, has low T2-weighted signal intensity because of the presence of compact smooth muscle and low water content, and it is normally less than 1.2 cm thick (28); it is thought to correspond to the hypoechoic subendometrial layer observed at US (29) . The outer myometrium demonstrates intermediate T2-weighted signal intensity owing to the presence of less compact smooth muscle, greater water content, and blood vessels (30) . The uterine cervix also has a distinct trilaminar appearance on T2-weighted MR images (31) . The innermost layer demonstrates high T2-weighted signal intensity that corresponds to the endocervical mucosa and secretions. The adjacent middle layer has low T2-weighted signal intensity that represents predominantly fibrous stroma. The outermost cervical layer demonstrates low to intermediate T2-weighted signal intensity (Fig 10) .
On axial CT and MR images, the appearance of the uterus is influenced by the organ's orientation and by the degree of distention of the urinary bladder. The normal-sized uterus positioned in anteversion may be almost entirely imaged within a single axial section (Fig 11) . However, if the urinary bladder is greatly distended, the Figure 11 . Bilateral ovarian follicles during the early proliferative (follicular) phase in a healthy 19-year-old woman with no history of menstrual irregularity. Axial T2-weighted MR image shows multiple hyperintense ovarian follicles of varying sizes. The zonal anatomy of the ovaries is not well appreciated because of the number of follicles, and although the ovarian volume is greater than the mean for patients of this age, it is within the normal range. Because the uterus is in anteversion, its entire length is visible. The susceptibility artifact ( * ) is from a plastic progestin-releasing intrauterine device (IUD) centered within the endometrium. Although the IUD is appropriately positioned within the endometrial cavity, the arms extend beyond the endometrium and into the myometrium (arrows), in keeping with minimal myometrial penetration. The uterine shape is normal, with flat external and internal fundal contours. The zonal anatomy is also shown, with a high-signal-intensity endometrium; thin, lowsignal-intensity junctional zone (white arrowhead); and intermediate-signal-intensity outer myometrium (black arrowhead). V = slow flow within pelvic blood vessels.
uterus will align parallel to the long axis of the body, and several sequential images will be required to depict it in its entirety.
Unless recognized as such, the uterus positioned in retroversion can be mistaken for a pelvic mass on CT scans, especially if it displaces or indents the rectum. The normal cervix is often to the right or left of midline and therefore also may be misinterpreted as a mass. Reformatted images in the sagittal plane help demonstrate the position and true length of the uterus and offer the best view for assessing endometrial thickening. On dynamically enhanced, multidetector CT scans, the appearances of the myometrium and endometrium depend on the interval between intravenous contrast material administration and scanning as well as the age of the patient (17, 32) . On contrastenhanced CT scans obtained in women of reproductive age, the endometrium exhibits hypoattenuation relative to the inner myometrium during most phases of contrast enhancement, a finding that might be misinterpreted as fluid within the uterine cavity. Such misinterpretation may result in additional, unnecessary imaging examinations or intervention (Fig 12) . To date, no criteria have been established for defining normal endometrial thickness on CT images or for distinguishing fluid or blood in the endometrial cavity from endometrial thickening. If there is concern about an endometrial abnormality on the basis of findings at CT, the patient should be referred for endovaginal US. The normal cervix usually demonstrates less intense enhancement or enhances later than the uterine corpus at CT because of the relatively larger proportion of fibrous tissue in the cervix (29) (Fig 13) . An intact endocervical canal and a distinct margin between the enhancing myometrium and the hypoenhancing normal cervix at the isthmus help discriminate between the normal cervix and a cervical mass.
Normal ovarian volume decreases after the age of 30 years. In a large patient series, mean ovarian volume at endovaginal US was 6.6 cm 3 in women younger than 30 years, 6.1 cm 3 in women 30-39 years old, 4.8 cm 3 in women 40-49 years old, and 2.6 cm 3 in women 50-59 years old. The upper limit of normal ovarian volume in premenopausal women was 20 cm 3 (13) . The normal ovary in women of reproductive age also has a variable appearance over the course of the menstrual cycle. Developing and immature follicles can be seen throughout the entire cycle and appear as fluidfilled, unilocular, sharply marginated cysts with diameters of 2-9 mm (Fig 11) .
In the first half of each menstrual cycle, one or more dominant follicles will grow to a diameter of approximately 20-25 mm and then rupture at ovulation, releasing the oocyte (33) . At US, the preovulatory dominant follicle may have a slightly complicated appearance, with the oocyte and its supporting structures (ie, the cumulus oöphorus) appearing as a curvilinear septation within the follicle (Fig 14) . After ovulation, the corpus luteum, a remnant of the mature follicle, undergoes a process of cellular hypertrophy and increased vascularization. Therefore, a corpus luteum is typically visible in the secretory phase of the menstrual cycle and persists into the first trimester of pregnancy. On US images, the corpus luteum has a hyperechoic wall that may be slightly irregular in contour, with circumferential low-resistance blood flow at color Doppler flow imaging. Centrally, the corpus luteum may Figure 14 . Sagittal endovaginal US image shows a normal dominant follicle and cumulus oöphorus in a 27-year-old woman. The preovulatory dominant follicle is slightly more complicated in appearance than a simple cyst, with the oocyte and its supporting structures appearing as a curvilinear peripheral septum (arrow). Figure 13 . Midsagittal pelvic CT image shows differential contrast enhancement of the cervix and uterine body in a 23-year-old woman. Because of its fibrous composition, the normal cervix (arrow) is less enhanced than the uterine corpus (arrowhead). The endometrium ( * ) is normally hypoenhanced relative to the myometrium and should not be mistaken for fluid within the endometrial cavity. Both the length of the uterus and the thickness of the endometrium are well assessed in the sagittal plane. contain echoes representing internal hemorrhage, but there is usually evidence of increased throughtransmission because of the fluid content, and always a lack of central vascularity (Fig 15) .
Typically the corpus luteum is less than 3.0 cm in its maximal dimension, reflecting its origin as a follicle, but less commonly it may be larger (34, 35) . A corpus luteum measuring 3 cm or smaller is considered a normal finding that does not require follow-up imaging (34) . In the next cycle, remnants of the corpus luteum may be detectable at US as a small, complex cystic structure, known as an atretic corpus luteum, within the ovary. A corpus luteum that persists beyond the normal duration of 14 days (ie, a persistent corpus luteum cyst) may delay the onset of the next menses by several days or weeks. In a small number of women, a mature follicle sometimes fails to ovulate and continues to enlarge into the next menstrual cycle, occasionally growing larger than 5 cm; these follicles are most often discovered incidentally in asymptomatic women with a clinical history of menstrual irregularity (36) . A follicular cyst appears as a simple unilocular or minimally complicated cyst with thin walls, sharply defined borders, and internal fluid. These physiologic lesions should not have internal vascularity. The presence of vascularized solid elements or septa raises the concern that a cyst may be a neoplasm. Although the presence of a large ovarian cystic lesion raises concern for a cystic neoplasm, when no internal vascularity is noted, repeat US performed in the early proliferative phase is recommended after one or two menstrual cycles; many of these structures undergo involution, allowing the diagnosis of a follicular cyst (34) . The timing of the follow-up study is intended to help avoid confusion with a newly formed dominant follicle or corpus luteum. A recent consensus statement noted that in women of reproductive age, entirely simple-appearing cysts are almost always benign. Those smaller than 3 cm can be considered a normal finding, those between 3 and 5 cm do not need follow-up, those between 5 and 7 cm should be monitored yearly, and those greater than 7 cm require further evaluation with MR imaging or surgical removal (35) .
At MR imaging, the zonal anatomy of the ovary is best appreciated on T2-weighted images, with the normal medulla showing increased signal intensity relative to the cortex, reflecting the greater amount of loosely packed stroma and blood vessels and diminished cellularity of the medulla (37) . After the administration of a gadolinium-based contrast agent, the ovaries typically show less enhancement than the myometrium (38) . The presence of ovarian follicles and corpora lutea facilitates identification of the ovaries in women of reproductive age. On T2-weighted images, follicles appear as thin-walled cystic structures with high signal intensity internally; on T1-weighted images, follicles have low to intermediate signal intensity because of internal fluid content (37) (Fig 11) . The corpus luteum on T2-weighted images demonstrates a thickened wall with intermediate to low signal intensity that corresponds to a layer of luteinized thecal Figure 17 . Hemorrhagic corpus luteum (hemorrhagic cyst) in a 36-year-old woman. (a) Axial T2-weighted MR image shows a right ovarian cystic structure (white arrowhead) with signal intensity higher than normal in a corpus luteum but lower than that of simple fluid in the cul-de-sac ( * ). The typical zonal anatomy of the right ovary is shown as increased T2 signal intensity within the medulla (small solid arrow) relative to the cortex (large solid arrows), a difference that reflects loosely packed stromal tissue and vessels within the medulla and increased cellularity within the cortex. Note that the physiologically active right ovary (open arrows) is larger than the physiologically inactive left ovary (black arrowheads). B = bowel, U = uterus. (b) Axial T1-weighted fat-suppressed nonenhanced MR image shows high signal intensity of the right ovarian structure (arrowhead), a finding that represents blood products. Figure 16 . Nonhemorrhagic corpus luteum in a 43-year-old woman at midcycle. Axial T2-weighted (a) and T1-weighted fat-suppressed contrast-enhanced (b) MR images show a right ovarian cystic structure (arrowheads) that represents a nonhemorrhagic corpus luteum. The wall of the corpus luteum, which is composed of a layer of luteinized thecal cells, is thickened and slightly crenated, has intermediate signal intensity in a that is higher than that in muscle, and shows avid contrast enhancement similar to that of the uterus (U). The contents of the corpus luteum have T1 and T2 signal intensities similar to those of nonhemorrhagic fluid and urine in the bladder. The right round ligament (white arrow in a) courses anteriorly toward the internal inguinal ring, and bilateral medial umbilical ligaments (black arrows in a) are seen. A minimal amount of pelvic free fluid with high T2 signal intensity (black arrowhead in a) is seen. cells (37) (Fig 16) . In nonhemorrhagic corpora lutea, low T1-weighted signal intensity and high T2-weighted signal intensity are seen. Occasionally, foci of very low T2-weighted signal intensity may be observed along the corpus luteum wall, representing hemosiderin deposition (37) . In hemorrhagic or proteinaceous corpora lutea, high T1-weighted and T2-weighted signal intensities are present, and a hematocrit level also may be observed (37) (Fig 17) . After the administration of a gadolinium-based contrast material, avid enhancement of the corpus luteum wall correlates with hypervascularity on color Doppler flow US images. Involuting corpora lutea are decreased in size, and their walls are more convoluted.
On CT images, the appearance of the ovaries depends on the phase of the menstrual cycle, the section thickness, and the timing of the contrast material bolus. In the early reproductive years, the ovaries may demonstrate hypoattenuation relative to the attenuation of other soft-tissue pelvic structures, because of the presence in the ovaries of multiple fluid-filled follicles (Fig 12) . With the high resolution afforded by thin-section collimation and dynamic contrast enhancement in multidetector CT, several individual follicles may be apparent within the ovaries. Reformatted coronal CT images can be useful for showing the normal course of the ovarian arteries and veins in relation to the ovary and increasing confidence in its identification. During the ovulatory or postovulatory phase of the menstrual cycle, a corpus luteum with an enhanced rim is evident and sometimes accompanied by adjacent simple or hemorrhagic fluid (39) (Fig 12) . Because it is common for women who experience a symptomatic cyst rupture to undergo CT, those interpreting the images should be alert for an intact or rupturing corpus luteum and thus avoid misinterpretation or inappropriate management of these findings.
The normal fallopian tube is difficult to distinguish from surrounding vessels and ligaments at imaging. The tube is not usually visualized on US images unless it is abnormal or surrounded by fluid. Occasionally, it can be seen as an elongated structure adjacent to the ovary. The normal fimbriae can be seen as short echogenic fingerlike projections when surrounded by periovulatory fluid or at hysterosonography. The round ligament is often observed on CT and MR images; it is distinguished from the fallopian tube by virtue of its anterior course to the internal inguinal ring (Fig 12) .
At positron emission tomography (PET), uptake of fluorine 18 fluorodeoxyglucose (FDG) as a result of normal physiologic function in the ovaries and especially in the corpus luteum is common in women of reproductive age who undergo imaging in the late follicular and early luteal phases of their cycle. The uptake typically appears as a unilateral round or ovoid region of intense focal activity with a standardized uptake value greater than 3.0 (Fig  18) . Cyclical endometrial uptake has also been noted at PET, most often during the ovulatory phase and during menstruation. Dual-modality imaging with CT (ie, PET/CT) helps show the characteristic features of these physiologic changes and the absence of features suggestive of malignancy. To minimize the potential for misinterpretation of results in women of reproductive age, PET examinations should be conducted within a week before or a few days after menses (40) . 
Postpartum Life Stage
Puerperium is the period 6-8 weeks after delivery when the uterus undergoes physiologic involution and returns to the nongravid state. The most rapid changes occur in the first few days after delivery. The uterus is approximately 20 cm in length and weighs about 1 kg immediately after childbirth but decreases by approximately 50% in the next 24-48 hours (41) (42) (43) (44) (45) . Beyond the first few days postpartum, the uterine involution is more gradual, with the uterus measuring 11.2 cm long at 3 weeks and 8.7 cm long at 6 weeks postpartum. The timing of the involution may be prolonged in multiparous women and shorter after preterm delivery, but it is not usually affected by infant birth weight or breast-feeding (41) . Within the first few days after delivery, the remaining superficial decidual tissue becomes necrotic and is sloughed in the lochia. The deeper decidual layer proliferates and restores the endometrium by 3-6 weeks postpartum (42) .
On US images, the immediate postpartum myometrium often appears heterogeneous and has higher echogenicity than the myometrium of a nongravid uterus (41, 42) (Fig 19) . Increased diffuse and focal myometrial vascularity at the placenta insertion site has been described in the absence of abnormal postpartum bleeding (42, 43) . Intracavitary fluid, blood products, and small amounts of gas are commonly noted in asymptomatic women after delivery and therefore are not necessarily indicative of a postpartum complication. Fluid and echogenic material are noted in the endometrial cavity of 20% of asymptomatic women in the first few days after vaginal delivery, and these findings are even more common at 1 week postpartum, being present in approximately half of women examined (41, 43, 44) . The amount of blood products diminishes over the ensuing weeks, but complex fluid may still be present in 6% of women 3 weeks after vaginal delivery (42) (43) (44) (Fig 20) . Hyperechoic foci on US images, likely representing intracavitary gas, have been noted in asymptomatic women as late as 3 weeks after vaginal delivery and are noted after both vaginal and cesarean deliveries (41) (42) (43) (44) 46) (Fig 21) . Because US is not commonly used to evaluate asymptomatic patients after cesarean delivery, relatively few articles describe the expected extrauterine findings. At US performed in women 4 days after surgical delivery, abdominal wall collections were observed in 40% and pelvic collections in fewer than 10%. Notably, neither the presence nor the absence of these collections was predictive of febrile morbidity (47) .
At CT performed in the first few days after a vaginal delivery, the uterus is enlarged and may show marked myometrial enhancement. In asymptomatic women, the endometrial canal may contain fluid, lochia, and small amounts of gas and is usually less than 2 cm in maximal width. Larger amounts of gas, fluid, or soft tissue require clinical correlation to exclude endometritis and retained products of conception (48) (Fig 22) . MR imaging typically demonstrates heterogeneous myometrial signal intensity, prominent vascularity, and endometrial blood products (49) (50) (51) . High signal intensity in the outer cervical stroma on T2-weighted images may also be noted, likely reflecting edema from mechanical stress of the fetal head on the cervix (49) . Parametrial edema unrelated to deep pelvic infection or ovarian vein thrombosis has also been noted on MR images (49) (Fig 23) . Free pelvic fluid and small hematomas are not usually seen on CT scans performed after uncomplicated vaginal delivery but have been reported more commonly on MR images, likely reflecting the latter modality's high sensitivity for small amounts of fluid (49, 50) . After cesarean delivery, both CT and MR images can be expected to show free pelvic fluid and small loculated pelvic fluid collections in most asymptomatic patients (48, 49, 52) .
Postmenopausal Life Stage
Menopause refers to the permanent cessation of menstruation in female humans with an intact uterus. In Western countries, the average age at onset of menopause is between 51 and 53 years, with a range of 40-60 years (53,54); onset is affected by many factors, including smoking, race, ethnicity, and body mass index (55, 56) . A strict determination of menopausal status is difficult, as the process represents a continuum that begins with perimenopause, a time span in Figure 21 . Postpartum uterus in a 34-yearold woman. Midline sagittal transabdominal US image obtained 5 days after vaginal delivery shows an enlarged uterus with markedly echogenic material (solid arrows) within the endometrial canal of the lower uterine segment, presumably representing gas; the patient had no clinical symptoms suggestive of endometritis. Intraendometrial gas may or may not produce distal acoustic shadowing at US and has been reported in asymptomatic women as long as 3 weeks after delivery. An echogenic focus producing distal shadowing (dashed arrow) within the urinary bladder (B) is also likely gas, as the patient underwent bladder catheterization before this examination. Pelvic US is well recognized as the primary imaging modality for initial evaluation of postmenopausal status. Although transabdominal US performed with the full bladder technique allows diagnostic imaging in some postmenopausal women, the modality has limitations. Transabdominal pelvic US may be compromised by a variety of senescent changes, including decreased urinary bladder capacity, increased body habitus, an atrophic and ill-defined endometrial canal, small ovarian volume, and absence of ovarian follicles. In many postmenopausal women, endovaginal US is required to adequately image the endometrium and ovaries. Fortunately, postmenopausal patients tolerate the endovaginal examination, with an overall patient acceptance rate that is only slightly lower than that among women of reproductive age. Trans rectal US also may be performed to view the uterus and adnexal structures.
Because of the smaller size of the postmenopausal uterus, it can often be shown at imaging in its entirety, from the cervix to the fundus, regardless of the degree of uterine version or flexion (Fig 24) . The most rapid decline in uterine size occurs within the first 10 years after menopause, with a more gradual decline thereafter (7, 8) . The uterus ranges from 3.5 to 7.5 cm in length and from 1.2 to 3.3 cm in anteroposterior diameter in patients older than 65 years (7), with the wide ranges reflecting variations in patient parity, the number of years since the onset of menopause, and the presence of preexistent uterine disease such as adenomyosis and myomas.
The myometrial appearance is often more heterogeneous in postmenopausal women than in premenopausal women, and the uterine bodyto-cervix ratio in postmenopause approaches 1:1. Calcified uterine arcuate vessels are commonly noted in elderly postmenopausal women, especially those with diabetes, vascular disease, hypertension, or hypercalcemia (58) . These vessels appear in the superficial myometrium as peripheral linear reflections with a circumferential pattern that helps distinguish them from calcified myomas, which tend to have curvilinear calcifications with dense shadowing (Fig 25) . Nabothian cysts are frequently present in the cervical region of postmenopausal patients and are usually smaller than those observed in younger women. Free peritoneal fluid is occasionally seen in postmenopausal women and is not necessarily pathologic when small in amount and simple in appearance, especially in early menopause. Free fluid in late menopause is abnormal and could be related to a variety of conditions, including intraperitoneal malignancy and ascites due to cardiac, renal, and liver disease.
The postmenopausal endometrium is typically atrophic because of the lack of estrogen stimulation and appears as a thin hyperechoic line or band measuring only 1-2 mm in maximum diameter (6) (Fig 24) . As in women of reproductive age, the endometrial thickness (the sum of the two endometrial layers) should be obtained with digital calipers on a longitudinal endovaginal US image at the site of maximum thickness, which is usually at or just below the uterine fundus (59, 60) . The relatively vascular and compact inner myometrial layer, which surrounds the endometrium and appears hypoechoic, should not be included in the measurement. A small amount of endometrial fluid, less than 2 mm in diameter, may be seen in a postmenopausal patient with an otherwise normal uterus, usually as a result of mild cervical stenosis. This fluid should be excluded from the endometrial thickness measurement (Fig 26) .
US plays an important role in the evaluation of possible endometrial disease in both symptomatic and asymptomatic postmenopausal patients (61) (62) (63) . A normal endovaginal sonogram in a postmenopausal patient has a high negative predictive value and high overall accuracy rate for excluding major disorders of the uterus and ovaries, with excellent pathologic correlation (61, 62) . It has been shown that measurements of the endometrium obtained with endovaginal US are within 1 mm of those obtained at pathologic examination (61) and that regardless of symptoms, an endometrial thickness of 5 mm or less is associated with benign histopathologic findings in most cases. This threshold serves as a useful guide for determining which patients should undergo endometrial biopsy. The risk of missing an endometrial abnormality with use of a single measurement of 5 mm or less at endovaginal US is low, with a 99% negative predictive value for endometrial cancer (61) (62) (63) . Therefore, postmenopausal patients who present with vaginal bleeding and have an endometrial thickness of 4-5 mm or greater should be referred for further evaluation to exclude endometrial carcinoma. In postmenopausal patients without abnormal bleeding, most experts advocate tissue sampling only when the endometrial thickness exceeds 8 mm, as the risk of clinically significant endometrial abnormalities in these patients is low. In postmenopausal patients without vaginal bleeding and with an endometrial thickness from 5 to 8 mm, treatment should be based on individual symptoms and risk factors. Because endovaginal US can be used to accurately assess the endometrium, sequential US examinations can be of value for close monitoring of endometrial thickness (62) .
Hormone replacement therapy affects the thickness of the endometrium. Sequential estrogen and progesterone therapy, often used in perimenopausal patients in the United States, induces cyclical endometrial changes and symptoms similar to those occurring in premenopausal patients. In such cases, US scans should be obtained early in the cycle or near the end of withdrawal bleeding, when transient physiologic thickening is not expected to be present. The use of continuous estrogen and progesterone regimens leads to endometrial atrophy; therefore, measurements of endometrial thickness in these patients are usually within the normal range (61) . Unopposed estrogen therapy is associated with an increased risk of endometrial hyperplasia or carcinoma and is typically prescribed only for posthysterectomy patients (64) . Tamoxifen has been proven effective for the treatment of breast cancer but is associated with increased incidence of endometrial disease among postmenopausal women because of its estrogenic effect on the uterus. Several studies have shown a direct correlation between the use of tamoxifen and an increase in endometrial thickness, most notable beyond 3 years of therapy (59, 60, 65) . Nearly half of all postmenopausal women undergoing tamoxifen therapy have an endometrial thickness greater than 8 mm, and most are asymptomatic, without abnormal vaginal bleeding (59, 60, 65) . The most common histopathologic findings, including hyperplasia and polyps, are benign, with an approximate 1% risk of endometrial carcinoma (59, 60, 65) . Because endometrial thickening is commonly due to benign causes in patients receiving tamoxifen therapy, there is no consensus about a threshold thickness for recommending endometrial sampling in asymptomatic women (61) .
The postmenopausal uterus is similarly atrophic on CT and MR images. The endometrium may occasionally be identified on contrastenhanced CT images and should appear thin, regular, and hypoenhancing relative to the myometrium (32, 61) . Patients with an abnormal endometrial appearance at CT should be referred for further evaluation with endovaginal US. The uterine zonal anatomy in postmenopausal women is usually indistinct or absent, but if present, it is best evaluated on T2-weighted images, as in women of reproductive age (Fig 27) . The normal postmenopausal endometrium has hyperintense signal on T2-weighted MR images and should be no more than 5 mm thick (66) . Figure 27 . Sagittal T2-weighted MR image obtained in a 60-year-old woman 3 years after menopause reveals a small uterus with a normal, thin (<4-mm), hyperintense endometrium (solid arrowhead) and barely perceptible hypointense junctional zone (arrow). A small nabothian cyst (open arrowhead) is also shown. Note that the uterine corpus has undergone some atrophy and is only slightly bulkier than the cervix. In late menopause, the uterine corpus is smaller than the cervix, and the uterine zonal anatomy may be difficult to appreciate. B = bladder.
The normal postmenopausal ovary is less echogenic, is smaller, and generally has fewer follicles than the normal ovary during the reproductive years. As a result, the ovaries may be difficult to detect at both transabdominal and endovaginal US (67) . Small (1-3-mm) punctate echogenic foci with no associated soft-tissue mass may be seen in postmenopausal ovaries, most often in the periphery. These foci may be dystrophic calcifications in atretic follicles and surface epithelial inclusion cysts or may be tiny cystic spaces producing reverberation artifact (68, 69) . In postmenopausal women, as in patients of reproductive age, such findings often are of no clinical significance and can be reevaluated with follow-up US if there is concern or uncertainty about their origin. The uterus is an important landmark, and the broad ligaments can often be traced to the ovaries, which are attached to the posterior aspect of the ligaments. Pelvic vessels or stationary bowel loops may be mistaken for postmenopausal ovaries, and the sonographer may need to use color Doppler flow imaging or exert manual pressure on the abdominal wall to displace the bowel loops and improve visualization of these small structures.
Ovarian size correlates with hormonal status and duration of menopause. Mean postmenopausal ovarian volumes have ranged from 1.2 to 5.8 cm 3 , with an ovarian volume greater than 8 cm 3 considered abnormal in all cases (14, 15) . Some authors have suggested that an ovary that is twice as large as the contralateral ovary, regardless of absolute size, should be considered abnormal (14) .
Even though folliculogenesis has ceased, the postmenopausal ovaries are not as quiescent as initially thought. Simple ovarian cysts as large as 3 cm have been reported in as many as 15% of postmenopausal patients; most such cysts spontaneously regress, as verified at serial US examinations (35, 70, 71) . The simple cyst seen at imaging in early menopause probably represents an occasional ovulatory event or an atretic follicle. However, any anechoic lesions in postmenopausal ovaries should generally be referred to as cysts (35) . Although ovulation is rare in late menopause, smaller cysts less than or equal to 1 cm in diameter have been seen in as many as 21% of patients (70, 71) . These cysts are more readily observed with endovaginal US than with transabdominal US because of the high resolution provided by the endovaginal transducer in proximity to the small postmenopausal ovaries (Fig 28) . Simpleappearing cysts smaller than 1 cm do not need further follow-up, and their description should be included in the final report at the discretion of the interpreting physician (35) .
The postmenopausal ovaries may be similarly difficult to identify at MR imaging and CT because of atrophy and the paucity or absence of follicles and cysts that help localize the structures in patients of reproductive age. At MR imaging, the ovaries demonstrate homogeneous intermediate to low signal intensity on T1-weighted images and decreased signal intensity on T2-weighted images, possibly because of a reduction in the number of fluid-containing follicles in the medulla and an increased number of stromal cells (38) (Fig 29) . After contrast material administration, the ovaries demonstrate enhancement similar to or less than that seen in the uterine myometrium (38) . Small epithelial inclusion cysts may occasionally be seen in the postmenopausal ovary and typically appear as subcentimeter, unilocular, hyperintense cystic structures on T2-weighted images (38) . On CT scans, the postmenopausal ovaries typically appear as small and relatively featureless triangles or flattened soft-tissue structures, often adjacent to the uterus or iliac vessels. Identification of the ovaries on coronal reformatted images may be facilitated by following the gonadal vessels into the pelvis.
Conclusion
The uterus and ovaries undergo remarkable changes in size and appearance over the course of a lifetime. A thorough knowledge of how hormonal changes affect the appearance of the uterus and ovaries at pelvic imaging performed in childhood, during the reproductive years, after delivery, and in menopause is important for differentiating expected physiologic changes from pathologic conditions. 
